The propagation of vertically polarized radio waves over a horizontally stratified medium is investigated. A general expression for the "wave tilt" is derived for the case of any number of layers with arbitrary properties in each layer. Numerical calculations are carried out for the special case of only two layers which show that the conductivity and dielectric cxlnstanl variations of the Ionc~ li~yers will affect the magnitude anti phase of the wave tilt.
INTRODUCTION
It has been well known that a vertically polarized radio wave will be guided along the interface between the ground and the air. Such a wave was predicted by Zenneck (I) as early as IgoT. He showed that the electric vector had a horizontal component, as well as a vertical component, in the direction of the propagation. Wise (2) has shown that the wave radiated from a vertical antenna on a flat conductive earth also has a forward tilt. He also found that the wave tilt for a plane wave at grazing incidence was the same as that from a vertical dipole-type antenna, if the ground was a good conductor. Hack (3), Grossknopf and Vogt (4), and others have applied Zenneck' s theory to practical methods of measuring the electrical constants of the ground.
In this paper the general case of a vertically polarized plane wave at oblique incidence on a stratified earth of any number of layers is considered. A general expression for the wave tilt is derived. The two-layer case is studied and curves are given showing the correction to the wave tilt due to conductivity variations of the lower layer.
REFLECTION FROM A STRATIFIED MEDIUM
A plane wave with a time factor eiof is incident at an angle .9 on a stratified medium composed of M layers. The electric vector is in the plane of incidence (xz plane). The conductivity, dielectric constant, and magnetic permeability of the layers are CT,, em, and p,,, respectively where m designates the mth layer below the surface. The physical situation is shown in Figure I 
where ~9 is the angle of incidence. The parameter X must therefore be given by iX = y. sin 0.
The unknown coefficients a,,, and b, can now be found from the boundary conditions that H,, and E,,,, are continuous at each of the interfaces between the layers. Tn addition it is required that b, is zero so that only outgoing waves are allowed in the bottom semi-infinite region. If the interface between the mth and (m+ I)~~ layer is at z= z, the boundary conditions lead to the following set of equations:
and (7) The solution of these equations is carried out to give where W' o = yo/yI is the wave tilt for the homogeneous earth. Q is the amount this wave tilt is modified by the presence of horizontal stratification and is given by Q = ZI/' K1.
TWO LAYER CASE
The values of Q for a horizontally stratified two layer earth will be calculated for a selected range of the parameters involved. The value of M is now equal to 2, so that the ground is represented as a stratum of thickness hl, conductivity u1 and dielectric constant ~1 below which the medium is semi-infinite with conductivity uz and dielectric constant ea. The magnetic permeability is taken as ,u for the whole space. The correction factor Q to the wave tilt is then It is thus seen that the wave tilt at a frequency of 125 kilocycles is modified appreciably by discontinuities in the substratum at depths down to 20 metres. For higher-conducting lower layers at depths of IO metres or less the wave tilt W is reduced in magnitude and the phase is increased. The opposite is true if the lower layer is more poorly conducting than the upper layer. when the lower layer is at depth greater than IO metres the connection factor Q oscillates and becomes very close to unity, after the first oscillation.
Other examples could easily be illustrated. It is generally seen however that a higher frequency or a higher conductivity or both will reduce the effect of the lower layers.
It has recently been found that a similar analysis can be carried out for a vertical radiator situated on the surface of the stratified conductor. The attenuation of the ground wave at low frequencies is then determined by an effective propagation constant 7e related to the propagation constant yr of the upper stratum by -ye%yr/Q where it is assumed that 1 -yeI ">>I 701 2.
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